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©  Air  temperature  control  device  for  the  intake  air  of  an  engine. 
©  An  air  temperature  control  device  for  the  air  intake  of  an 
hemal  combustion  engine  comprises  a  thermo-responsive 
actuator  which  is,  in  use,  disposed  to  respond  to  the  air 
temperature  in  said  intake  system,  a  first  valve  means 
operably  connected  to  the  actuator  for  progressive  move- 
ment  in  a  first  chamber  provided  with  air  inlet  and/or  outlet 
ports  between  two  positions,  in  the  first  of  which  positions  a 
first  bleed  passage  from  the  chamber  is  closed  and  in  the 
second  of  which  positions  said  first  bleed  passage  is  open 
permitting  the  passage  of  air  to  or  from  said  ports  from  a 
second  chamber  provided  with  an  air  inlet  which  is  con- 
nected  in  use  to  a  vacuum  motor  operable  to  adjust  the 

,  relative  proportions  of  ambient  and  pre-heated  air  admitted 
I  to  the  intake  system,  and  a  second  valve  means  to  close  said 
1  bleed  passage  and  also  operable  to  close  a  second  bleed 
|  passage  between  said  second  chamber  and  a  third  chamber 
|  having  a  port  which  is  connected  (in  use)  to  a  vacuum  source 
I  constituted  by  the  air  intake  manifold  of  the  engine,  said 

second  bleed  passage  being  defined  in  pressure  responsive 
wall  member  separating  said  second  and  third  chambers. 
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BACKGROUND 

T h i s   i n v e n t i o n   r e l a t e s   to  a i r   t e m p e r a t u r e   c o n t r o l  

d e v i c e s   fo r   i n t e r n a l   c o m b u s t i o n   e n g i n e s .   Such  d e v i c e s  

a r e   w e l l - k n o w n ;   t h e y   a re   used   in  an  a t t e m p t   to  p r o v i d e  

the   e n g i n e   a i r   i n t a k e   w i t h   a i r   at  a  t e m p e r a t u r e  

a p p r o p r i a t e   to  the  o p e r a t i n g   c o n d i t i o n s   p r e v a i l i n g   at  a 

p a r t i c u l a r   t i m e .   These   o p e r a t i n g   c o n d i t i o n s   i n c l u d e  

s u c h   p a r a m e t e r s   as  t h r o t t l e   s e t t i n g ,   e n g i n e   t e m p e r a t u r e  

and  a m b i e n t   a i r   t e m p e r a t u r e .  

BRIEF  DESCRIPTION  OF  THE  PRIOR  ART 

Air  t e m p e r a t u r e   c o n t r o l   d e v i c e s   t o g e t h e r   w i t h   s o m e  

p r e f e r r e d   o p e r a t i o n a l   f e a t u r e s   a re   d e s c r i b e d   in  f o r  

e x a m p l e   P a t e n t   S p e c i f i c a t i o n s   GB1126157 ,   GB1313434  a n d  

G B 1 3 6 1 7 2 8 .   Thus  i t   is  known  to  use  b i m e t a l l i c   s t r i p s  

and  o t h e r   t h e r m o - r e s p o n s i v e   d e v i c e s   to  a c t u a t e   a i r  

v a l v e s   of  v a r i o u s   k i n d s ,   e i t h e r   d i r e c t l y   or  t h r o u g h   a  

s e r v o m o t o r .   In  p a r t i c u l a r ,   i t   is  known  to  a d j u s t   t h e  

r e l a t i v e   p r o p o r t i o n s   of  a m b i e n t   a i r   and  p r e - h e a t e d   a i r  

to  r e f l e c t   the   e n g i n e   t e m p e r a t u r e   and  the  a m b i e n t   a i r  

. t e m p e r a t u r e ,   e s p e c i a l l y   u n d e r   " c o l d   s t a r t "   c o n d i t i o n s .  



OBJECTS  OF  THE  INVENTION 

I t   i s   an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to  p r o v i d e   a n  

a i r   t e m p e r a t u r e   c o n t r o l   d e v i c e   h a v i n g   i m p r o v e d   o p e r a t i n g  

c h a r a c t e r i s t i c s .   I t   i s   a  f u r t h e r   o b j e c t   of  t h e  

i n v e n t i o n   to  p r o v i d e   an  e n g i n e   a i r   i n t a k e   s y s t e m   f i t t e d  

w i t h   the   d e v i c e .  

BRIEF  DESCRIPTION  OF  THE  INVENTION 

A c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n   an  a i r   t e m p e r a t u r e  

c o n t r o l   d e v i c e   f o r   t he   a i r   i n t a k e   s y s t e m   of  an  i n t e r n a l  

c o m b u s t i o n   e n g i n e   c o m p r i s e s   a  t h e r m o -   r e s p o n s i v e  

a c t u a t o r   wh ich   i s ,   in   u s e ,   d i s p o s e d   to  r e s p o n d   to  t h e  

a i r   t e m p e r a t u r e   in  s a i d   i n t a k e   s y s t e m , a   f i r s t   v a l v e  

means   o p e r a b l y   c o n n e c t e d   to  the   a c t u a t o r   f o r   p r o g r e s s i v e  

m o v e m e n t   in  a  f i r s t   c h a m b e r   p r o v i d e d   w i t h   an  a i r   i n l e t  

a n d / o r   o u t l e t   p o r t s   b e t w e e n   two  p o s i t i o n s ,   in  the  f i r s t  

of  wh ich   p o s i t i o n s   a  f i r s t   b l e e d   p a s s a g e   f rom  t h e  

c h a m b e r   i s   c l o s e d   and  in  the   s e c o n d   of  w h i c h   p o s i t i o n s  

s a i d   b l e e d   p a s s a g e   i s   open  p e r m i t t i n g   the   p a s s a g e   of  a i r  

to  or  from  s a i d   p o r t s   to  or  from  a  s e c o n d   c h a m b e r  

p r o v i d e d   a  p o r t   w h i c h   i s   c o n n e c t e d ,   in  u s e ,   to  a  v a c u u m  

m o t o r   o p e r a b l e   to  a d j u s t   the   r e l a t i v e   p r o p o r t i o n s   o f  

a m b i e n t   and  p r e - h e a t e d   a i r   a d m i t t e d   to  t he   i n t a k e  

s y s t e m ,   and  a  s e c o n d   v a l v e   means  e n g a g e a b l e   w i t h   t h e  

f i r s t   v a l v e   means  to  c l o s e   s a i d   b l e e d   p a s s a g e ,   t h i r d  

v a l v e   means   o p e r a b l e   to  c l o s e   a  s e c o n d   b l e e d   p a s s a g e  
b e t w e e n   s a i d   s e c o n d   c h a m b e r   and  a  t h i r d   c h a m b e r   h a v i n g  

an  a i r   o u t l e t   c o n n e c t e d ,   in  u s e ,   to  the  e n g i n e   a i r  
i n t a k e   m a n i f o l d ,   s a i d   s e c o n d   b l e e d   p a s s a g e   b e i n g   d e f i n e d  

in  a  p r e s s u r e - r e s p o n s i v e   w a l l   member  s e p a r a t i n g   s a i d  

s e c o n d   and  t h i r d   c h a m b e r s .  



PREFERRED  FEATURES  OF  THE  INVENTION 

The  p r e s s u r e   r e s p o n s i v e   w a l l   member  is  p r e f e r a b l y   a  

d i a p h r a g m   and  the   s e c o n d   v a l v e   means  is  p r e f e r a b l y   a  

p o p p e t   v a l v e   m o u n t e d   t h e r e o n   and  b i a s e d   so  as  to  c l o s e  

s a i d   s e c o n d   b l e e d   p a s s a g e ,   fo r   e x a m p l e   by  means  of  a  

s p r i n g .   The  f i r s t   v a l v e   means   and  the  a s s o c i a t e d  

t h e r m o - r e s p o n s i v e   a c t u a t o r   a re   p r e f e r a b l y   b i a s e d   t o w a r d s  

c l o s u r e   of  the  f i r s t   b l e e d   p a s s a g e ,   w i th   the  a c t u a t o r   i n  

i t s   f u l l y   r e t r a c t e d   c o l d   s t a t e .  

The  a i r   t e m p e r a t u r e   c o n t r o l   d e v i c e   is  p r e f e r a b l y  

p r o v i d e d   w i t h   means  f o r   l i m i t i n g   the   movement   of  t h e  

p r e s s u r e   r e s p o n s i v e   w a l l   member  in  the  d i r e c t i o n   of  t h e  

a i r   o u t l e t .  

The  a i r   o u t l e t   from  t he   t h i r d   c h a m b e r   p r e f e r a b l y  

i n c o r p o r a t e s   a  r e s t r i c t i o n ,   t he   p u r p o s e - o f   wh ich   i s   t o  

e n s u r e   t h a t   t h e r e   is  s t i l l   a  p r e s s u r e   d rop   when  t h e  

a c t u a t o r   has  opened   the   f i r s t   v a l v e   means .   T h i s  

p r e s s u r e   d rop   s e r v e s   to  c r e a t e   a  p r e s s u r e   i n t e r m e d i a t e  

t h a t   in  the   f i r s t   c h a m b e r   and  t h a t   due  to  the  v a c u u m  

s o u r c e ,   n a m e l y   the  e n g i n e   vacuum  at  the  c a r b u r e t t o r  

t h r o a t .   The  r e s t r i c t i o n   may  be  a c h i e v e d   by  s e l e c t i o n   o f  

p i p e   s i z e   a n d / o r   l e n g t h ,   but   i t   w i l l   u s u a l l y   be  m o r e  

c o n v e n i e n t   to  i n c l u d e   a  c o n v e n t i o n a l   n a r r o w   o r i f i c e ,   a t  

the   p o i n t   of  c o n n e c t i o n   to  the  s e n s o r ,   fo r   e x a m p l e .  

DESCRIPTION  OF  SPECIFIC  EMBODIMENTS  OF  THE  INVENTION 

In  o r d e r   t h a t   the   i n v e n t i o n   be  b e t t e r   u n d e r s t o o d   a  

p a r t i c u l a r l y   p r e f e r r e d   e m b o d i m e n t   of  i t   w i l l   now  b e  

d e s c r i b e d   by  way  of  e x a m p l e   w i t h   r e f e r e n c e   to  t h e  

a c c o m p a n y i n g   d r a w i n g s   in  w h i c h : -  

'  F i g u r e   1  is   a  c r o s s -   s e c t i o n a l   s i d e   v i ew,   of  an  a i r  

t e m p e r a t u r e   c o n t r o l   d e v i c e   a c c o r d i n g   to  the  i n v e n t i o n .  



F i g u r e   2  is   a  d i a g r a m m a t i c   s i d e   v i e w ,   p a r t l y   in  s e c t i o n ,  

of  an  i n t e r n a l   c o m b u s t i o n   e n g i n e   a i r   i n t a k e   s y s t e m  

e m b o d y i n g   the   d e v i c e   of  f i g u r e   1 .  

F i g u r e s   3  to  8  i n c l u s i v e   a re   d i a g r a m m a t i c   i l l u s t r a t i o n s  

of  t he   d e v i c e   of  f i g u r e   1  in  c o n j u n c t i o n   w i t h   the  v a c u u m  

m o t o r   of  f i g u r e   2  when  in  use  u n d e r   v a r i o u s   e n g i n e   a n d  

a m b i e n t   a i r   t e m p e r a t u r e s   and  at  d i f f e r e n t   t h r o t t l e  

s e t t i n g s .  

F i g u r e   9  i s   a  t e m p e r a t u r e / d i s p l a c e m e n t   g r a p h   s h o w i n g   t h e  

p r e f e r r e d   mode  of  o p e r a t i o n   of  the   t h e r m o - r e s p o n s i v e  

a c t u a t o r   p o r t i o n   of  the  d e v i c e   of  f i g u r e   1 .  

R e f e r r i n g   f i r s t l y   to  f i g u r e   1,  the   d e v i c e   c o m p r i s e s   a  

t h e r m o - r e s p o n s i v e   a c t u a t o r   1  of  the   wax  p e l l e t   t y p e .  

T h i s   is   s e a t e d   on  a  h o u s i n g   14  wh ich   c o n s t i t u t e s   t h e  

s i d e   w a l l   of  a  f i r s t   c h a m b e r  p r o v i d e d   w i t h   a  p l u r a l i t y  

of  p o r t s   12.  The  f i r s t   c h a m b e r   is  c l o s e d   by  a  b o t t o m  

w a l l   15  h a v i n g   a  c e n t r a l   t u b u l a r   u p s t a n d   5  p r o v i d e d   w i t h  

an  a p e r t u r e   16  wh ich   c o n s t i t u t e s   a  f i r s t   b l e e d   p a s s a g e  

f rom  the   c h a m b e r .  

The  a c t u a t o r   1  has   a  p i s t o n   2;  a  c o m p r e s s i o n   s p r i n g   4 

b i a s e s   the  l a t t e r   away  from  the  b o t t o m   w a l l   15  t o w a r d s  

i t s   f u l l y   r e t r a c t e d   s t a t e .   The  p i s t o n   c a r r i e s   a  b l e e d  

v a l v e   member  17  wh ich   e x t e n d s   i n t o   the   t u b u l a r   u p s t a n d   5 

and  has  a  s e a l i n g   s u r f a c e   3  a d a p t e d   to  s e a t   a g a i n s t   t h e  

r im  of  the  u p s t a n d   when  the   a c t u a t o r   is   f u l l y   r e t r a c t e d .  

Air  b l e e d   p a s s a g e w a y s   13  e x t e n d   t h r o u g h   the  member  17 

and  c o m m u n i c a t e   w i t h   a  d o w n w a r d l y   f a c i n g   p o r t   18  l o c a t e d  

in  a  s e c o n d   c h a m b e r   c o n s t i t u t e d   by  a  p e r i p h e r a l   f l a n g e  

p o r t i o n   of  the   w a l l   15  and  a  d i a p h r a g m   6.  The  c e n t r a l  

a r e a   of  the   l a t t e r   is   p r o v i d e d   w i t h   an  a p e r t u r e  

c o n t a i n i n g   the   l o w e r   p o r t i o n   of  a  n o n - r e t u r n   p o p p e t  



v a l u e   7  b i a s e d   by  a  s p r i n g   8  to  c l o s e   the   a p e r t u r e .   The  

s e c o n d   c h a m b e r   has  a l s o   a  vacuum  m o t o r   p i p e   c o n n e c t i o n  

p o r t   11.  The  u p p e r   p o r t i o n   of  the   p o p p e t   v a l v e   is   o f  

c o m p l e m e n t a r y   s h a p e   to  t h a t   of  the   d o w n w a r d l y   f a c i n g  

p o r t   18  in  the   b l e e d   v a l v e   member  17.  A  t h i r d   c h a m b e r  

18  i s   c o n s t i t u t e d   by  a  b o t t o m   p l a t e   19  c r i m p e d   a r o u n d  

the   p e r i p h e r a l   p o r t i o n s   of  the   w a l l   15  and  the   d i a p h r a g m  
6  to  h o l d   the   a s s e m b l y   t o g e t h e r .   The  b o t t o m   p l a t e   h a s  

an  a i r   o u t l e t   p i p e   10  and  an  a n n u l a r   r e c e s s   9  w h i c h  

s e r v e s   to  l i m i t   the  e x t e n t   of  m o v e m e n t   of  the   o e n t r e   o f  

the   d i a p h r a g m   6  t o w a r d s   the   b o t t o m   w a l l .   In  t h e  

i n t e r e s t s   of  c l a r i t y   the  s e n s o r   has  been   d e l i b e r a t e l y  

shown  in  f i g u r e   1  w i t h   the  a c t u a t o r   1  in  a` 

p a r t i a l l y - o p e r a t e d   s t a t e .  

R e f e r r i n g   now  to  f i g u r e   2,  t h e   d e v i c e   of  f i g u r e   1  i s  

m o u n t e d   w i t h   the  a c t u a t o r   1  i n s i d e   an  i n t e r n a l  

c o m b u s t i o n   e n g i n e   a i r   i n t a k e   p a s s a g e   21  b e t w e e n   t h e  

t h r o t t l e   v a l v e   22  of  a  c a r b u r e t t o r   23,  and  an  a i r  

c l e a n e r   24.  The  a i r   c l e a n e r   is   s u p p l i e d   w i t h   a i r   f r o m  

two  s o u r c e s ,   one  a  s o u r c e   of  p r e - h e a t e d   a i r ,   25,  t h e  

o t h e r   a  s o u r c e   of  a m b i e n t   a i r ,   2 6 .  

A  vacuum  s e r v o m o t o r   27  is   p r o v i d e d  t o   o p e r a t e   a  f l a p  

v a l v e   28  w h i c h   e n a b l e s   the  r e l a t i v e   p r o p o r t i o n s   of  a i r  

f rom  the   two  s o u r c e s   to  be  a d j u s t e d   b e t w e e n   the   e x t r e m e s  

of  a l l   hot   p r e - h e a t e d   a i r   and  a l l - a m b i e n t   t e m p e r a t u r e  

a i r .   The  vacuum  motor   is  c o n n e c t e d   by  a  p i p e   29  to  t h e  

p i p e   c o n n e c t i o n   11  of  f i g u r e   1.  The  a i r   o u t l e t   p i p e   10 

of  f i g u r e   1  is  c o n n e c t e d   to  a  vacuum  s o u r c e   c o n s t i t u t e d  

by  a  p i p e   30  t a p p e d   i n t o   the   c a r b u r e t t o r   t h r o a t  

d o w n s t r e a m   of  the  t h r o t t l e   v a l v e   2 2 .  



R e f e r r i n g   now  to  f i g u r e s   3  to  8  i n c l u s i v e ,   t h e s e   s h o w  

the   s y s t e m   of  f i g u r e   2  at  v a r i o u s   e n g i n e / a m b i e n t  

t e m p e r a t u r e s ,   w i t h   t h r o t t l e   s e t t i n g s   in  the   c l o s e d  

( o v e r - r u n )   to  p a r t i a l l y   open  r a n g e   and  a l s e   u n d e r   f u l l  

t h r o t t l e   c o n d i t i o n s .   T a k i n g   the   f i g u r e s   in  t u r n ,   f i g u r e  

3  i s   the  c o m p l e t e l y   c o l d   s t a r t   c o n d i t i o n .   T h e r e   is   a  

r e l a t i v e l y   h i g h   vacuum  in  the   t h r o a t   31;  t h i s   p u l l s   t h e  

d i a p h r a g m   f i r m l y   down  on to   the   apex   of  the   r e c e s s   9  a n d  

o p e n s   the   p o p p e t   v a l v e   7.  B e c a u s e   the   a c t u a t o r   is   f u l l y  

r e t r a c t e d ,   t h e   b l e e d   v a l v e   member  17  s e a l i n g   s u r f a c e   3 

is   s e a t e d   a g a i n s t   the   rim  of  the   u p s t a n d   5  and  t h e  

r e d u c e d   p r e s s u r e   in  the   s e c o n d   c h a m b e r   i s   a p p l i e d   o n l y  

to  the   s e r v o m o t o r   27  t h r o u g h   the   p i p e   c o n n e c t i o n   1 1 .  

The  s e r v o m o t o r   moves  the  f l a p   v a l v e   28  to  c l o s e   o f f   t h e  

a m b i e n t   s o u r c e   26,  so  t h a t   a l l   i n t a k e   a i r   is   drawn  f r o m  

the   p r e - h e a t e d   s o u r c e   25.  In  f i g u r e   4,  a p p l i c a t i o n   o f  

f u l l   t h r o t t l e   to  the  co ld   s y s t e m   ( 2 5 0 c )   r e d u c e s   t h e  

vacuum  in  the   t h i r d   chamber   18  and  a l l o w s   the  p o p p e t  

v a l v e   7  to  c l o s e .   The  r e d u c e d   p r e s s u r e   t h e r e b y   t r a p p e d  

in  the  s e c o n d   c h a m b e r   l i f t s   the   d i a p h r a g m   u p w a r d l y   o f f  

the   apex  of  r e c e s s   9  u n t i l   the   u p p e r   p o r t i o n   of  t h e  

p o p p e t   v a l v e   h i t s   the   m a r g i n s   of  the   d o w n w a r d l y   f a c i n g  

p o r t   18  in  t he   b l e e d   v a l v e   member  17.  T h i s   m o m e n t a r i l y  

u n s e a t s   the   p o p p e t   v a l v e   and  a l l o w s   at  l e a s t   s o m e  

e q u a l i s a t i o n   of  the   p r e s s u r e s   above   and  be low  t h e  

d i a g h r a g m   b e f o r e   the  p o p p e t   v a l v e   s e a t s   a g a i n .  

The  s t i f f n e s s   a g a i n s t   upward   movement   of  the   d i a p h r a g m   6 

g i v e s   the  s e n s o r   the   c h a r a c t e r i s t i c s   of  a  p r e s s u r e  

r e g u l a t o r   u n d e r   f u l l   t h r o t t l e   c o n d i t i o n s .   The  f i n a l  

p r e s s u r e   d i f f e r e n t i a l   a c r o s s   the   d i a p h r a g m   w i l l   be  a  

f u n c t i o n   of  t he   c l e a r a n c e   b e t w e e n   the  l o w e r   m a r g i n   o f  

p o r t   18  and  the   l o w e r   ( r e s t )   p o s i t i o n   of  the   p o p p e t  

v a l u e   7;  i t   w i l l   t h e r e f o r e   v a r y   i n v e r s e l y   w i th   t h e  

d e g r e e   of  e x t e n s i o n   of  the  a c t u a t o r   1 .  



H o w e v e r ,   the   ne t   e f f e c t   is  a  s l i g h t   r e d u c t i o n   in  t h e  

vacuum  a p p l i e d   to  the   s e r v o m o t o r   so  t h a t   some  a m b i e n t  

.  a i r   is   a l l o w e d   to  e n t e r   the  i n t a k e   to  i n c r e a s e   e n g i n e  

p o w e r .  

In  f i g u r e   5  t he   d e v i c e   is   as  d e p i c t e d   in  the   p a r t i a l l y  

w a r m e d - u p   c o n d i t i o n   a c h i e v e d   when  p r e -  

h e a t e d   a i r   has  c a u s e d   the   a c t u a t o r   1  to  o p e r a t e ,   p u s h i n g  

the   p i s t o n   and  b l e e d   v a l v e   member  17  down  a g a i n s t   t h e  

s p r i n g   4.  The  s e a l i n g   s u r f a c e   3  u n s e a t s   f rom  t h e   rim  o f  

the   u p s t a n d   5,  a l l o w i n g   a i r   to  b l e e d   i n t o   the   s e c o n d  

c h a m b e r   from  t he   i n t a k e   p a s s a g e   v i a   p o r t s   12,  13  and  1 8 .  

T h i s   f u r t h e r   r e d u c e s   t he   vacuum  d e v e l o p e d   u n d e r   l i g h t  

(or   o l o s e d )   t h r o t t l e   c o n d i t i o n s   and  the  s e r v o m o t o r  

a d m i t s   more  a m b i e n t   a i r .   The  c o o l i n g   e f f e c t   of  t h e  

l a t t e r   on  the  a c t u a t o r   1  i s   such  t h a t   t he   p o s i t i o n   o f  

the   a c t u a t o r   w i l l   d e p e n d   v e r y   l a r g e l y   on  t he   a m b i e n t  

t e m p e r a t u r e ,   once   the   s y s t e m   is   t h r o u g h l y   warmed  u p .  
Thus  at  low  ( c o l d )   a m b i e n t  t e m p e r a t u r e s   ( t y p i c a l l y   b e l o w  

7  °c )   v e r y   l i t t l e   a m b i e n t   a i r   is  n e e d e d   to  m a i n t a i n   a  

d e s i r e d   a i r   i n t a k e   t e m p e r a t u r e   of  say  25  to  30  ° c .  

The  h i g h e r   the   a m b i e n t   t e m p e r a t u r e ,   the  g r e a t e r   t h e  

p r o p o r t i o n   of  a m b i e n t   a i r   n e e d e d   to  a c h i e v e / m a i n t a i n   t h e  

d e s i r e d   a i r   i n t a k e   t e m p e r a t u r e ,   of  c o u r s e .  

In  f i g u r e   6,  s t i l l   o n l y   p a r t i a l l y   w a r m e d - u p ,   or  when  t h e  

a m b i e n t   t e m p e r a t u r e   i s   low  ( s ay   7 ° C ) ,   t he   f u l l  

t h r o t t l e   c o n d i t o n   i s   v e r y   much  as  in  f i g u r e   4,  b u t  

b e c a u s e   the  a c t u a t o r   has  s t a r t e d   to  o p e r a t e ,   t h e  

d i a p h r a g m   need  not   l i f t   as  f a r   to  m o m e n t a r i l y   u n s e a t   t h e  

p o p p e t   v a l v e .   H o w e v e r ,   at  the  same  t i m e ,   t h e   u p p e r  

p o r t i o n   of  the   p o p p e t   v a l v e   w i l l   c l o s e   t he   p o r t   1 8 ,  

t h e r e b y   p r e v e n t i n g   the   e n t r y   of  a i r   from  p o r t s   12  i n t o  

the   s e c o n d   c h a m b e r s .   The  r e d u c t i o n   in  t he   v a c u u m  

a p p l i e d   to  the   s e r v o m o t o r   w i l l   h o w e v e r   be  s o m e w h a t  

g r e a t e r ,   due  to  the   r e g u l a t i n g   a c t i o n   of  the   d i a p h r a g m  

6  and  the  p o p p e t   v a l v e   7 .  



A c c o r d i n g l y ,   more  a m b i e n t   ( c o l d )   a i r   w i l l   be  a l l o w e d  

i n t o   the   i n t a k e ,   but   no t   so  much  t h a t   c a r b u r e t t o r   i c i n g  

o c c u r s .  

When  the   e n g i n e   is   warm  and  the  a m b i e n t   a i r   t e m p e r a t u r e  

is   h i g h ,   the   a c t u a t o r   is  f u l l y   o p e r a t e d   as  shown  i n  

f u g u r e   7  and  the  vacuum  in  the  s e c o n d   c h a m b e r   i s  

m i n i m a l ,   so  t h a t   the   s e r v o m o t o r   h a r d l y  o p e r a t e s .   T h e  

a i r   i n t a k e   is   t h e r e f o r e   p r e d o m i n a n t l y   a l l   at  a m b i e n t  

t e m p e r a t u r e .   Under   t he   f i g u r e   8  f u l l   t h r o t t l e   c o n d i t i o n  

the  d i a p h r a g m   has  on ly   to  r i s e   v e r y   s l i g h t l y   to  u n s e a t  

the   p o p p e t   v a l v e ,   so  t h a t   the   i n c r e a s e   in  p r e s s u r e   ( f a l l  

in  vacuum  in  the  t h r o a t   31)  is   c o m m u n i c a t e d   to  t h e  

s e r v o m o t o r ,   e n s u r i n g   t h a t   the   l a t t e r   c l o s e s   o f f   t h e  

p r e - h e a t e d   a i r   s o u r c e   to  g i v e   maximum  e n g i n e   power  by  

v i r t u e   of  a d m i t t i n g   o n l y   a m b i e n t   a i r   to  the   a i r  

c l e a n e r .  

F i g u r e   10  shows  the  a c t u a t o r - m o v e m e n t   as  a  f u n c t i o n   o f  

t e m p e r a t u r e   c o r r e s p o n d i n g   to  the   t h r e e   c o n d i t i o n s   ( 1 , 2  

and  3  on  the  g r a p h )   r e p r e s e n t e d   by  the  t h r e e   p a i r s   o f  

f i g u r e s ,   n a m e l y   f i g u r e s   and  4 ,  5   and  6  and  7  and  8 

r e s p e c t i v e l y .  



1  An  a i r   t e m p e r a t u r e   c o n t r o l   d e v i c e   fo r   the  a i r   i n t a k e  

of  an  i n t e r n a l   c o m b u s t i o n   e n g i n e   c h a r a c t e r i s e d   in  t h a t  

s a i d   d e v i c e   c o m p r i s e s   a  t h e r m o - r e s p o n s i v e   a c t u a t o r   w h i c h  

i s , i n   u s e , d i s p o s e d   to  r e s p o n d   to  t he   a i r   t e m p e r a t u r e   i n  

s a i d   i n t a k e   s y s t e m ,   a  f i r s t   v a l v e   means   o p e r a b l y  
c o n n e c t e d   to  the  a c t u a t o r   for   p r o g r e s s i v e   movement   in  a 

f i r s t   c h a m b e r   p r o v i d e d   wi th   a i r   i n l e t   a n d / o r   o u t l e t  

p o r t s   b e t w e e n   two  p o s i t i o n s ,   in  t he   f i r s t   of  w h i c h  

p o s i t i o n s   a  f i r s t   b l e e d   p a s s a g e   f rom  the   chamber   i s  

c l o s e d   and  in  ' the  s e c o n d   of  wh ich   p o s i t i o n s   s a i d   f i r s t  

b l e e d  p a s s a g e   is  open  p e r m i t t i n g   the   p a s s a g e   of  a i r   t o  

or  from  s a i d   p o r t s   from  a  s e c o n d   c h a m b e r   p r o v i d e d   w i t h  

an  a i r   i n l e t   wh ich   is  c o n n e c t e d ,   in  u s e ,  

to  a  vacuum  m o t o r   o p e r a b l e   to  a d j u s t   the   r e l a t i v e  

p r o p o r t i o n s   of  a m b i e n t   and  p r e - h e a t e d   a i r   a d m i t t e d   t o  

the  i n t a k e   s y s t e m ,   and  a  s e c o n d   v a l v e   means  to  c l o s e  

s a i d   b l e e d   p a s s a g e   and  a l s o   o p e r a b l e   to  c l o s e   a  s e c o n d  

b l e e d   p a s s a g e   b e t w e e n   s a i d   s e c o n d   c h a m b e r   and  a  t h i r d  

c h a m b e r   h a v i n g   a  p o r t   which  is  c o n n e c t e d   ( i n   use)   to  a  

vacuum  s o u r c e   c o n s t i t u t e d   by  the   a i r   i n t a k e   m a n i f o l d   o f  

the  e n g i n e ,   s a i d   s e c o n d   b l e e d   p a s s a g e   b e i n g   d e f i n e d   in  a 

p r e s s u r e   r e s p o n s i v e   wa l l   member  s e p a r a t i n g   s a i d   s e c o n d  

and  t h i r d   c h a m b e r s .  

2  A  c o n t r o l   d e v i c e   a c c o r d i n g   to  c l a i m   1  c h a r a c t e r i s e d  

in  t h a t   the   f i r s t   v a l v e   means  and  t h e  

p r e s s u r e - r e s p o n s i v e   wa l l   member  is   a  d i a p h r a g m   and  t h e  

s e c o n d   v a l v e   means  is  a  p o p p e t   v a l v e   m o u n t e d   t h e r e o n   a n d  

b i a s e d   so  as  to  c l o s e   s a i d   b l e e d   p a s s a g e .  

3  A  c o n t r o l   d e v i c e   a c c o r d i n g   to  c l a i m   1  or  c l a i m   2 

c h a r a c t e r i s e d   in  t h a t   the  f i r s t   v a l v e   means   and  t h e  

t h e r m o - r e s p o n s i v e   a c t u a t o r   a re   b i a s e d   t o w a r d s   c l o s u r e   o f  

the  f i r s t   b l e e d   p a s s a g e   w i th   the  a c t u a t o r   in  a  f u l l y  

r e t r a c t e d ,   co ld   s t a t e .  



4  A  c o n t r o l   d e v i c e   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m  

o h a r a c t e r i s e d   in  t h a t   the   a c t u a t o r   is   a  wax  p e l l e t  

d e v i c e .  

5  A  c o n t r o l   d e v i c e   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in  t h a t   the   a c t u a t o r   is   s u b s t a n t i a l l y  

f u l l y   r e t r a c t e d   b e l o w   a b o u t   10  ° c .  

6  A  c o n t r o l   d e v i c e   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   by  the   p r o v i s i o n   of  means   fo r   l i m i t i n g   t h e  

movement   of  the   p r e s s u r e   r e s p o n s i v e   w a l l   member  in  t h e  

d i r e c t i o n   of  the   p o r t   c o n n e c t e d   to  t he   vacuum  s o u r c e .  

7.  A ' o o n t r o l   d e v i c e   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in  t h a t   the   p o r t   is   c o n n e c t e d   to  t h e  

vacuum  s o u r c e   t h r o u g h   a  r e s t r i c t i o n   w h e r e b y   a n  

i n t e r m e d i a t e   p r e s s u r e   i s   c r e a t e d   b e t w e e n   t h a t   in  t h e  

f i r s t   chamber   and  t h a t   of  t he   vacuum  s o u r c e .  

8.  The  use  of  the   c o n t r o l   d e v i c e   of  any  of  c l a i m s   1  to  7 

in  an  i n t e r n a l   c o m b u s t i o n   e n g i n e   a i r   i n t a k e   s y s t e m .  
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